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DESCRIPTION 

EGR COOLER 

Technical Field 
[0001] 

The present invention relates to an EGR cooler 
attached to an EGR apparatus, which recirculates exhaust 
gas from an engine to suppress generation of nitrogen 
oxides, so as to cool the exhaust gas to be recirculated. 

Background Art 
[0002] 

Known is an EGR apparatus which recirculates part of 
exhaust gas from an engine in a vehicle or the lilce to the 
engine to suppress generation of nitrogen oxides. Some of 
such EGR apparatuses are equipped with, midway of an 
exhaust gas recirculation line to the engine, an EGR 
cooler for cooling the exhaust gas since cooling of the 
exhaust gas to be recirculated to the engine will drop the 
temperature of and reduce the volume of the exhaust gas to 
lower the combustion temperature in the engine without 
substantial decrease in output of the engine, thereby 
effectively suppressing generation of nitrogen oxides. 
[0003] 

1 



Fig. 1 is a sectional view showing an example of the 
EGR coolers in which reference numeral 1 denotes a 
cylindrical shell with axially opposite ends to which 
plates 2 are respectively fixed so as to close the ends of 
the shell 1. Penetratingly fixed to the respective plates 
2 are opposite ends of a number of tubes 3 which extend 
axially within the shell 1. 
[0004] 

The shell 1 is provided with a coolant-water inlet 
pipe 4 near one end of the shell 1 and with a coolant - 
water outlet pipe 5 near the other end of the shell 1 so 
that coolant water 9 is supplied via the inlet pipe 4 into 
the shell 1, flows outside of the tubes 3 and is 
discharged via the outlet pipe 5 from the shell !• 
[0005] 

The respective plates 2 have, on their sides away 
from the shell 1, bowl-shaped hoods 6 fixed to the 
respective plates 2 so as to enclose end faces of the 
plates. The one and the other hoods 6 provide central 
exhaust gas inlet and outlet 7 and 8, respectively, so 
that exhaust gas 10 from the engine enters via the inlet 7 
into the one hood 6, is cooled during passage through the 
number of tubes 3 by means of heat exchange with coolant 
water 9 flowing outside of the tubes 3 and is discharged 
to the other hood 6 to be recirculated via the outlet 8 to 
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the engine. 
[00061 

In the figure, reference numeral 5a denotes a bypass 
outlet pipe arranged at a position diametrically opposed 
to the inlet pipe 4, part of the coolant water 9 being 
withdrawn through the bypass outlet pipe 5a so as to 
prevent the coolant water 9 from stagnating at the 
position opposed to the inlet pipe 4. 
[0007] 

However, the tubes 3 are supported only by the plates 
2 at their opposite ends in such conventional EGR cooler 
so that, when the tubes 3 are extended so as to improve 
cooling effect through the exhaust gas 10, characteristic 
frequency of the tubes 3 tends to be lowered into 
conformity with the vibrating frequency of the engine with 
a disadvantageous result that the tubes 3 may be greatly 
vibrated due to resonance with the vibration of the engine 
[0008] 

When the tubes 3 are greatly vibrated due to such 
resonance, the respective tubes 3 tend to have fatigue 
breakdown for example at their opposite fixed ends, 
resulting in significant loss in durability. 
[0009] 

In order to overcome the problem of such vibrated 
tubes 3, it may be envisaged to employ a structure for 



example as shown in Fig. 2 which intermediately supports 
upper and lower halves of the grouped tubes 3 by two 
semicircular discs 11; portions of the tubes 3 supported 
by the discs 11 serve as vibration supports so that the 
free vibrating zone for the tubes 3 is longitudinally 
divided to enhance characteristic frequencies of the tubes, 
thereby making it difficult to cause resonance due to 
vibration of the engine. 
[0010] 

Alternatively, it may be also envisaged that, as 
shown in Fig. 3, longitudinally intermediately fixed to 
the interior of the shell 1 is a round partition 12 
through which all of the tubes 3 are penetratingly fixed, 
so that the free vibrating zone of the tubes 3 is 
longitudinally divided to enhance characteristic vibration 
of the respective tubes 3. In this case, because of the 
space in the shell 1 being partitioned by the partition 12, 
the coolant -water inlet and outlet pipes 4 and 5 are 
needed for each of the partitioned spaces. 
[0011] 

The following Reference 1 is a prior application 
filed by the applicants of the invention in order to 
overcome a similar problem of the vibrated tubes 3. 
[Reference 1] JP 2002-327654A 
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Summary of the Invention 
Problems to be Solved by the Invention 
[0012] 

However, when the EGR cooler shown in Fig. 2 is 
employed, the provision of the semicircular discs 11 
deteriorates the flow of the coolant water 9 so that the 
coolant water 9 tends to stagnate at positions shown by x 
in Fig. 2, which may lower the heat exchange efficiency at 
such stagnating positions to cause local increase in 
temperature of the tubes 3, resulting in thermal 
deformation at such portions. On the other hand, when the 
EGR cooler shown in Fig. 3 is employed, piping of a 
coolant water system may become complex and pressure loss 
may be increased to cause difficulty in flow of the 
coolant water 9 . 
[0013] 

The invention was made in view of the above and has 
its object to provide an EGR cooler which can solve the 
problem of vibrated tubes without causing thermal 
deformation of tubes due to stagnation of coolant water, 
without causing complexity of piping in the coolant water 
system and without increase in pressure loss. 

Means or Measure for Solving the Problems 
[0014] 
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The Invention is directed to an EGR cooler comprising 
tubes and a shell surrounding said tubes, coolant water 
being fed into and discharged from said shell, exhaust gas 
being passed through said tubes for heat exchange of said 
exhaust gas with said coolant water, characterized in that 
an intermediate support plate with a plurality of through- 
holes is arranged in the shell, mutually adjacent ones of 
the tubes being grouped to be penetratingly fixed to each 
of the through-holes, a coolant water passage being 
ensured between the adjacent tubes grouped and 
penetratingly fixed to each of the through-holes in the 
support plate for free communication of the coolant water 
between the grouped tubes . 
[0015] 

Thus, intermediate portions of the respective tubes 
are supported by the intermediate support plate so that 
such supported portions serve as vibration supports to 
enhance characteristic frequency of the tubes, whereby the 
tubes are prevented from being greatly vibrated due to 
resonance with the vibration of the engine to remarkably 
suppress fatigue breakdown of the respective tubes for 
example at their fixed opposite ends. 
[0016] 

Allowed is free communication of the coolant water 
via the coolant water passage between the tubes grouped 



and fixed to each of the through-holes In the Intermediate 
support plate, so that deterioration of the coolant water 
flow Is prevented unlike the prior art with the 
semicircular discs, whereby the coolant water tends to 
hardly stagnate so that lowering of the heat exchange 
efficiency and thermal deformation of the tubes are 
prevented from occurring. 
[0017] 

Further, complexity of the coolant water system Is 
prevented unlike the prior art with the shell partitioned 
by a partition, whereby averted Is Increase In pressure 
loss so that deterioration of the coolant water flow Is 
prevented from occurring. 

Effects of the Invention 
[0018] 

The following excellent effects will be obtained 
according to an EGR cooler of the Invention. The problem 
of the vibrated tubes can be overcome without causing 
thermal deformation of the tubes due to stagnation of the 
coolant water, without causing complexity In piping of the 
coolant water system and without Increasing In pressure 
loss. As a result, obtainable are excellent effects such 
that extension of the tubes may be effected with no 
hindrance to enhance the cooling effect of the exhaust gas 
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and that fatigue breakdown of the tubes for example at 
their opposite fixed ends may be suppressed to 
substantially enhance durability. 

Brief Description of the Drawings 
[0019] 

[Fig. U A sectional view showing an example of a 
conventional EGR cooler. 

[Fig. 2] A sectional view showing a further example of a 
conventional EGR cooler. 

[Fig. 3] A sectional view showing a still further 
example of a conventional EGR cooler. 

[Fig. 4] A sectional view showing an embodiment of tlie 
Invention. 

[Fig. 5] A view looking In the direction of arrows V In 
Fig. 4. 

[Fig. 6] A sectional view showing a further embodiment 
of the Invention. 

[Fig. 71 A sectional view showing a still further 
embodiment of the Invention. 

[Fig. 8] A sectional view showing a still further 
embodiment of the Invention. 

Explanation of the Reference Numerals 
[0020] 
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1 shell 

2 plate 

3 tube 

9 coolant water 

10 exhaust gas 

13 intermediate support plate 

14 through-hole 

15 coolant water passage 

Best Mode for Carrying Out the Invention 
[0021] 

Embodiments of the invention will be described with 
reference to the drawings . 
[0022] 

Figs. 4 and 5 show an embodiment of the invention in 
which parts similar to those shown in Figs. 1-3 are 
designated by the same reference numerals . 
[0023] 

In the EGR cooler according to the embodiment, a 
round intermediate support plate 13 is arranged at a 
longitudinally intermediate position within a shell 1. 
Respective tubes 3 arranged multi-cylidrically about an 
axis of the shell 1 are penetratingly fixed by the 
intermediate support plate 13. 
[0024] 



The intermediate support plate 13 is formed with a 
plurality of through-holes 14 for penetrating fixture of 
the respective tubes 3; each of the through-holes 14 are 
in the form of cocoon- shaped slits for penetrating fixture 
of the circumf erentially adjacent two tubes 3 in group, 
the respective tubes 3 fixed to the same through-hole 14 
being mutually connected by a coolant -water passage 15 for 
free communication of the coolant water 9 . 
[0025] 

It is preferable that each of the passages 15 has a 
total flow passage area about 2-5 times as large as that 
of the coolant water inlet or outlet pipe 4 or 5 ; then, 
pressure loss of the coolant water 9 may be substantially 
unchanged or suppressed to rise by several %. 
[0026] 

In the embodiment shown, the single intermediate 
support plate 13 is arranged longitudinally intermediately 
in the shell 1; alternatively, it is of course possible to 
arrange a plurality of intermediate support plates 13 in a 
spaced-apart relationship in accordance with the length of 
the shell 1 . 
[0027] 

With the thus constructed EGR cooler, the 
longitudinally intermediate portions of the respective 
tubes 3 are supported by the intermediate support plate 13 
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so that such supported portions serve as vibration 
supports to enhance characteristic frequency of the tubes 
3, whereby the tubes 3 are prevented from being greatly 
vibrated due to resonance with the vibration of the 
engine to remarkably suppress fatigue breakdown of the 
respective tubes 3 for example at their fixed ends. 
[0028] 

Allowed is free communication of the coolant water 9 
via the coolant water passage 15 between the tubes 3 
grouped and fixed to the each of the through-holes 14 in 
the intermediate support plate 13, so that deterioration 
in flow of the coolant water 9 is prevented unlike the 
prior art with the semicircular discs, whereby the coolant 
water 9 tends to hardly stagnate so that lowering of the 
heat exchange efficiency and thermal deformation of the 
tubes 3 are prevented from occurring. 
[0029] 

Further, complexity of the coolant water system is 
prevented unlike the prior art with the shell 1 
partitioned by a partition, whereby averted is increase in 
pressure loss so that deterioration of the coolant water 9 
flow is prevented from occurring. 
[0030] 

Thus , according to the above embodiment , the problem 
of the vibrated tubes 3 can be overcome without causing 
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thermal deformation of the tubes 3 due to stagnation of 
the coolant water 9, without causing complexity in piping 
of the coolant water system and without increasing in 
pressure loss. As a result, obtainable are excellent 
effects such that extension of the tubes 3 may be effected 
with no hindrance to enhance the cooling effect of the 
exhaust gas 10 and with no fatigue breakdown of the tubes 
3. 
[0031] 

Figs. 6-8 show further embodiments of the invention. 
In the embodiment shown in Fig. 6, the through-hole 14 in 
Fig. 5 in the form of cocoon-shaped slit to which the 
grouped circumf erentially adjacent two tubes 3 are 
penetratingly fixed is further extended circumf erentially 
so that circumf erentially adjacent three tubes 3 may be 
grouped for penetrating fixture. 
[0032] 

Further, used in the embodiment shown in Fig. 7 are 
triangular through-holes 14 through each of which not only 
circumf erentially adjacent two of the tubes 3 but also a 
radially adjacent single tube 3, i.e. grouped three of the 
tubes 3 may be penetratingly fixed. 
[0033] 

Still further, in the embodiment shown in Fig. 8, 
rectangular through-holes 14 through each of which 
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circumf erentially adjacent two of the tubes 3 and radially 
adjacent two of the tubes 3, i.e., totally grouped four of 
the tubes 3 may be penetratingly fixed are mixed with the 
triangular through-holes 14 in Fig. 7 and/or the cocoon- 
shaped through-holes 14 in Fig. 5. 
[0034] 

In use of any of these embodiments shown in Figs. 6-8, 
just like the embodiment shown in Figs. 4 and 5, the 
problem of the vibrated tubes 3 can be overcome without 
causing thermal deformation of the tubes 3 due to 
stagnation of the coolant water 9, without causing 
complexity of the piping of the coolant water and without 
increase in pressure loss. 

Industrial Applicability 
[0035] 

It is to be understood that an EGR cooler according to the 

invention is not limited to the above-mentioned 
embodiments and that various changes and modifications may 
be made without leaving the gist of the invention. For 
example, a plurality of axial portions of the respective 
tubes may be supported by elastic bodies. 
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